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© Vacuum CVD chambers are disclosed which 
provide a more uniformly deposited thin film on a 
substrate (14). The chamber susceptor mount (210) 
tor the substrate (14) is heated resistively with a 
single coil firmly contacting the metal of the suscep- 
tor on all sides, providing uniform temperatures 
across the susceptor mount (210) for a substrate 
(14). A purge gas line (222) is connected to open- 
ings in the susceptor outside of the periphery of the 
substrate (14) to prevent edge and backside con- 
tamination of the substrate (14). A vacuum feed line 
mounts the substrate to the susceptor (210) during 
processing. A refractory purge guide (226), or a 
plurality of placement pins, maintain a fixed gap 
passage for the purge gases to pass alongside the 
edge of the wafer (14) and into the processing area 
of the chamber. An exhaust pumping plate improves 
the uniformity of exhaustion of spent gases from the 
chamber. 
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This invention relates to an improved chemical 
vapor deposition (CVD) chamber. More particularly, 
this invention relates to a CVD vacuum chamber 
which deposits thin films more uniformly onto a 
semiconductor substrate. 

BACKGROUND OF THE INVENTION 

CVD vacuum chambers are employed to de- 
posit thin films on semiconductor substrates. A 
precursor gas is charged to a vacuum chamber 
through a gas manifold plate situate above the 
substrate, which substrate is heated to process 
temperatures, generally in the range of about 250- 
650 -C. The precursor gas reacts on the heated 
substrate surface to deposit a thin layer thereon 
and to form volatile by-product gases, which are 
pumped away through the chamber exhaust sys- 
tem. 

To increase manufacturing efficiency and de- 
vice capabilities, the size of devices formed on a 
substrate has decreased, and the number of de- 
vices formed on a substrate has increased in re- 
cent year.Thus it is increasingly important that CVD 
deposited thin films be of uniform thickness across 
the substrate, so that all of the devices on the 
substrate are uniform. Further, it is increasingly 
important that the generation of particles in pro- 
cessing chambers be avoided to reduce contami- 
nation of substrates that will reduce the yield of 

good devices. 

Further, the size of semiconductor substrates, 
e.g., silicon wafers, has increased so that the 
present state-of-the-art silicon wafers are about 
20.32 cm (8 inches) in diameter. This makes it 
feasible to process only one wafer at a time in a 
processing chamber, as opposed to batch-type 
processes that process a plurality, up to 100 wa- 
fers, at a time. The economies of batch processing 
are reduced using large wafers because if there is 
a problem during processing, many expensive wa- 
fers are damaged and must be discarded. Further, 
the processing chambers can be made smaller 
when only one substrate is to be processed at a 
time, and the processing is more controllable. 

Still further, equipment has been developed to 
automate wafer processing by performing several 
sequences of processing steps without removing 
the wafer from a vacuum environment, thereby 
reducing transfer times and contamination of wa- 
fers. Such a system has been disclosed for exam- 
ple by Maydan et al. US - A - 4,951 ,601 , in which a 
plurality of processing chambers are connected to 
a transfer chamber. A robot in a central transfer 
chamber passes wafers through slit valves in the 
various connected processing chambers and re- 
trieves them after processing in the chambers is 
complete. 


A typical prior art CVD chamber is disclosed in 
Fig. 1. This chamber is described in US - A - 
4,892,753 to Wang et al, incorporated herein by 
reference. Referring to Fig. 1, a CVD chamber 10, 
5 a susceptor 16 on which a wafer 14 is mounted 
during processing is movable vertically by means 
of a vertically moveable elevator (not shown). A 
plurality of pins 20 support the wafer as the wafer 
is brought into the chamber from an external robot 
to blade. A plurality of susceptor support fingers 22 
are connected to the wafer fingers 20 and are 
mounted on a bar 40, which is also vertically 
moveable by the elevator. The wafer 14 and the 
susceptor 16 on which it is mounted are heated by 
75 a plurality of high intensity lamps 58 through a light 
transmissive quartz window 70. In a preferred con- 
figuration, two banks of lamps are located outside 
both the top and the bottom of the chamber 10, 
when there are two sets of quartz windows 70. 
20 These quartz windows 70 are sealed to the cham- 
ber walls by means of Teflon seals 72. The use of 
these external heating lamps 58 allows very rapid 
heating of wafers and susceptors, and allows the 
chamber to be cooled between processing cycles 
25 when the lamps are turned off. 

However, the quartz windows 70 have a com- 
paratively short lifetime; after about 1000-2000 de- 
position cycles, sufficient deposition occurs on the 
quartz windows so that they cloud over, and the 
30 light from the high intensity lamps can no longer 
penetrate the quartz windows 70, when they must 
be cleaned. The quartz windows are also attacked 
by flourine-containing plasma used to clean the 
chamber, which also generates particles. A flow of 
35 purge gas across the windows 70 has extended the 
period between cleanings, but the downtime re- 
quired for cleaning or replacement of the windows 
70 is still expensive. 

in addition, the high intensity lamps 58 must be 
40 periodically replaced as well, causing additional 
downtime of the equipment. 

Another problem with the use of the prior art 
CVD chambers is that they take a long time, up to 
about 6 hours, to degas so as to maintain a low 
45 leakage rate in the chamber. The Teflon seals 71 
used to seal the quartz windows 70 are helium 
permeable, and outgas slowly, and it takes a long 
period of time for the chamber 10 to reach a 
satisfactory vacuum integrity. The present stan- 
50 dards for chamber leakage require that the pres- 
sure inside the chamber 10 be brought to 9.6 Pa 
(72 millitorr), and the temperature increased to 
450 'C, when the vacuum is shut off. The increase 
in pressure in the chamber is then monitored. A 
55 leakage rate of no more than 0.067 Pa (0.5 mil- 
litorr) per minute is the present standard. 

Such CVD chambers are used to deposit met- 
als, such as tungsten, from WF 6 precursor gas. 
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WF 6 is a highly volatile gas, and problems have 
arisen because tungsten deposits not only on the 
topside of the wafer, but also on the edge surfaces 
and backside of the wafer. These edge and back- 
side surfaces are rougher than the highly polished 
top surface, and are not coated with an adhesive 
layer such as sputtered titanium nitride, and thus 
the deposited materials tend to flake off the edge 
and bottom surfaces, contaminating the chamber. 
The excess deposits can be etched off in an etch 
plasma, using the same or a different chamber, but 
this process itself may form particles in the cham- 
ber or damage the backside of the wafers. 

Thus clamping rings have come into use. 
Clamping rings cover the periphery of the wafer 
during deposition, thereby preventing the deposi- 
tion gases from reaching the edge and backside 
surfaces of the wafer. However, due to the volatility 
of WF 6 for example, clamping rings alone do not 
prevent edge and backside deposition on the wa- 
fer. The use of a purge gas directed behind or at 
the edge of the wafer behind the clamping ring has 
also been tried. The purge gas exerts a positive 
pressure that reduces the chance that processing 
gas will reach these edge and backside surfaces. 

The use of clamping rings has several dis- 
advantages however; the clamping ring is raised 
and lowered during the processing cycle, and can 
rub against the susceptor and the wafer, thereby 
causing particle generation. In addition, clamping 
rings overlie the peripheral surface of the wafer, 
reducing the area of the wafer on which metal can 

be deposited. 

Another problem with the use of clamping rings 
is that the clamping ring, because it is thicker than 
the wafer, remains cooler than the wafer, and cools 
the periphery of the wafer where it is in contact 
with the clamping ring. This causes a drop in 
deposition rate at the cooler periphery of the wafer, 
and leads to non-uniformities in the deposited film. 

Thus despite the use of all of these features, 
the deposition of metals such as tungsten by CVD 
is not as uniform as desired. The use of banks of 
external high intensity lamps to heat the susceptor 
and the wafer is not entirely uniform, leading to 
non-homogeneities in the deposited film. Further, 
deposits of tungsten and other materials onto the 
quartz windows builds up over time, reducing the 
transparency of the windows, so that they must be 
periodically cleaned. This necessitates opening the 
chamber and increases downtime, which is expen- 
sive. Other problems of particle generation and 
non-uniform deposition have been noted with the 
present chambers. Thus the search for the causes 
of particle generation and non-uniformities in de- 
posited films has continued and solutions to the 
above problems are being sought continually. 


SUMMARY OF THE INVENTION 

The present invention comprises a single sub- 
strate CVD chamber for deposition of, inter alia, 
6 tungsten, both blanket and selectively deposited, 
tungsten silicide, titanium nitride, copper and the 
like, which chamber provides improved uniformity 
of the deposited films. The CVD chamber of the 
invention includes a susceptor that is resistively 
w heated using a single coil resistance heater firmly 
embedded in the susceptor so as to continually 
and uniformly heat the substrate mounted thereon; 
a vacuum line through the susceptor that mounts 
the substrate firmly against the susceptor during 
75 processing thereof, thereby at least partially pre- 
venting backside deposition on the substrate and 
enhancing heat transfer from the heated susceptor 
to the substrate; a purge gas line through said 
susceptor at its periphery to prevent process gases 
20 from reaching the bottom edge and backside of the 
wafer; and a refractory purge guide mounted on 
said susceptor which maintains a uniform gap 
above the substrate. The purge guide of the inven- 
tion does not contact the substrate during process- 
25 ing, thereby eliminating a source of temperature 
reduction at the periphery of the substrate and 
temperature non-uniformities across the substrate, 
and limiting the amount of purge gas that passes 
into the processing portion of the chamber. In 
30 addition, improved optional features of the present 
CVD chamber include a source of inert gas in the 
vacuum line to control center to edge temperature 
uniformity of the substrate; and an optional cham- 
ber vacuum exhaust plate that improves the uni- 
35 formity of exhaustion of excess and by-product 
gases from the chamber. 

The present resistively heated susceptor can 
maintain a center to edge temperature uniformity of 
+ /- 2*C. 


40 


BRIEF DESCRIPTION OF THE DRAWING 


Fig. 1 is a cross sectional, partially schematic 
view of a CVD chamber of the prior art. 
45 Fig. 2A is a top view of a coil useful herein. 

Fig. 2B is a three dimensional view of the coil 
of Fig. 2A. 

Fig. 3 is a cross sectional view of a coil em- 
bedded in a susceptor mount, 
so Fig. 4 is a cross sectional view of the susceptor 
mount of the invention. 

Fig. 5 is a top view of the susceptor plate of 
the invention. 

Fig. 6 is a cross sectional view of a purge 
55 guide in combination with a substrate to be pro- 
cessed mounted on a susceptor of the invention. 

Fig. 7 is a cross sectional view, partially sche- 
matic, of a CVD chamber of the invention. 
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Fig. 8 is a top view of the exhaust channel of 
the chamber of the invention. 

Fig. 9 is a top view of an exhaust pumping 

plate of the invention. 

Fig. 10 is a top view of placement pins about a 

wafer 

Fig. 11 is a cross sectional view of a purge pin 
affixed to a susceptor of the invention 

DETAILED DESCRIPTION OF THE INVENTION 

In the Figures, the same number is used 
throughout for the same part in all of the Figures. 

We have found that a resistively heated 
susceptor mount for substrates during CVD pro- 
cessing has advantages over high intensity lamp 
heating for single substrate CVD processing cham- 
bers The resistance heater of the invention com- 
prises a single coil resistance heater 200, on the 
order of 8.1 KW, as shown in Figs 2A and 2B. The 
susceptor mount 210 comprises a block of metal, 
e.g., aluminum, that has a single coil resistance 
heater 200, embedded therein as shown in Fig. 3. 
In order to provide uniform heating of the susceptor 
support for the substrate and to uniformly heat the 
substrate mounted thereon, the coil must be in 
contact with the bulk of the susceptor mount 210 
on all sides. Fig. 3 is a cross sectional view of a 
coil 200 embedded in a susceptor mount 210 with 
an aluminum press fit fitting 212 to ensure that the 
coil 200 is in contact with metal on all sides. To 
make the susceptor mount 210 of the invention, a 
space 211 for a heater coil is machined out of the 
solid susceptor mount 210, the coil 200 is inserted 
therein, and an aluminum plate 212 is press fitted 
against the coil 200 so that the coil 200 is in 
contact with the metal susceptor mount 210 on all 
sides, ft is then welded to permit the heater coil to 
remain at atmospheric pressure to enhance heat 
transfer. This is important to ensure uniform heat- 
ing of the susceptor mount 210. Alternatively, an 
aluminum susceptor mount with a coil embedded 
therein can be made by a casting process. 

Since the coil 200 is in contact with aluminum 
metal of on all sides, e.g. the susceptor 210 and 
the metal fitting 212, high power density can be 
achieved without a large number of coils, and, in 
fact, high density power can be obtained and uni- 
form resistance heating of the susceptor mount 210 
obtained with only a single heating coil 200, as 
shown in Fig. 2. This reduces the required size of 
the susceptor mount 210 and allows a variety of 
gas distribution channels therein to be implement- 
ed A wafer, vacuum mounted on the susceptor 
mount 210 can be rapidly heated uniformly using 
the above described heater assembly. The center 
to edge temperature variation on the substrate is 
no more than 2 • C at processing temperatures of, 


e.g., about 475* C. 

A thermocouple 214 is inserted and held in 
contact with the underside of the heater at a dis- 
tance of about 0.63 cm (0.25 inch) from the bottom 

5 of the wafer. The thermocouple 214 is held in place 
by a slight spring force and provides a control 
signal for the temperature controller. The ther- 
mocouple 214 is in a well which is at atmospheric 
pressure, which enhances the heat transfer be- 

w tween the heater 200 and the thermocouple 214 to 
provide a more accurate reading. 

The temperature controller is a recipe driven 
proportional integral differential (PID) controller 
which anticipates the recipe steps which are about 

ts to occur and alters the response characteristic 8A 
of the heater to maintain a uniform temperature 
profile. 

Fig. 4 is a cross sectional view of the susceptor 
mount 210 and Fig. 5 is a top view of the susceptor 

20 mount 210. 

Referring now to Figs. 4 and 5, a vacuum line 
216 is shown. The vacuum line 216 is connected to 
a source of vacuum (not shown) which is separate 
from the vacuum exhaust pump for the CVD cham- 
25 ber itself. The vacuum line 216 is connected to a 
plurality of openings 218 in the surface of the 
susceptor 210. These openings 218 in turn are 
located within small channels 220 in the surface of 
the susceptor 210. Thus when the vacuum is 
30 turned on, a substrate mounted onto the susceptor 
210 is drawn down against the susceptor 210 uni- 
formly. The vacuum openings 218 are connected 
to the channels 220 and are located so as to 
evenly distribute vacuum across the surface of the 
35 susceptor 210. The vacuum channels 220 do not 
extend to the edge of the substrate, but, for exam- 
ple, may extend across the susceptor 210 for about 
1778 cm (7 inches) when an 20.32 cm (8 inch) 
wafer is to be processed. 
40 The pressure of the vacuum line 216 can be 
from about 199.98 Pa (1.5 Torr) to about 7999 Pa 
(60 Torr) when the pressure of the chamber is 
about 10665 Pa (80 Torr). The pressure in the 
vacuum feed line can be further adjusted by inject- 
45 ing an inert gas, such as argon, to adjust the center 
to edge uniformity of deposition onto the substrate. 
For example, increasing the pressure in the vacu- 
um line 216 from about 333.30 Pa (2.5 Torr) to 
about 1333.22 Pa (10 Torr) increases the heat 
so transfer within the susceptor region and increases 
the film thickness and uniformity of the deposited 
film. 

Shallow grooves may be added to the region 
outside the vacuum chuck area to reduce heat 
55 transfer near the edge of the wafer, which then 
reduces the thickness of the film being deposited 
at the edge of the wafer. 
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A purge gas line 222 is also present in the 
susceptor mount 210. A purge gas such as argon 
is passed into a plurality of purge gas openings 
224 in the susceptor 210 that directs the purge gas 
against the edge of the substrate, thereby inhibiting 
the process gas from coming in contact with the 
wafer edge surface and depositing material such as 
tungsten thereon. About 120-360 openings can be 
evenly spaced about the periphery of the susceptor 
210. The use of a purge gas to inhibit edge and 
backside deposition per se is known. However, as 
the purge gas then passes along the edge of the 
substrate and into the processing region of the 
chamber, a problem arises because the purge gas 
can cool the edge of the substrate and dilute the 
processing gas at the edge of the substrate, there- 
by reducing the deposition at the edge of the 
substrate. Thus a refractory purge guide has been 
added to the present CVD chamber in accordance 
with the present invention. 

Ftg. 6 is a cross sectional view of a purge 
guide 226 in combination with a wafer 14 to be 
processed mounted on a susceptor 210. 

Referring to Fig. 6 ( a wafer 14 is supported on 
the susceptor 210. The purge guide 226 rests on 
the top of the susceptor 210 when the susceptor 
mount 210 is in its processing position. The purge 
gas feed line 222 feeds purge gas against the edge 
of the wafer 14 which is vacuum mounted on the 
susceptor 210. The purge guide 226 maintains a 
fixed gap above the wafer 14 through which the 
purge gases pass into the processing area of the 
CVD chamber. It is this fixed gap, which is on the 
order of 0.127 - 0.254 mm (5-10 mils), which is 
critical in controlling the distribution of purge gas 
and maintaining the center to edge deposition uni- 
formity on the substrate. The path of the purge gas 
is shown by the arrows. Suitably, the purge guide 
226 is made of ceramic, such as aluminum oxide 
or aluminum nitride. 

The edge of the aluminum susceptor 210 upon 
which the purge guide 226 rests during processing 
has a plurality of fine grooves 221, e.g., about 
0.127 - 0.254 mm (5-10 mils) apart, to prevent 
sticking between the purge guide 226 and the 
susceptor 210. This sticking can occur because of 
the difference in coefficients of expansion between 
metal such as aJuminum (susceptor) and ceramic 
(purge guide) parts; the aluminum expands about 
three times as much as the ceramic at processing 
temperatures as compared with room tempera- 
tures. The fine grooves 221 prevent the generation 
of particles when the purge guide 226 and the 
susceptor 210 are separated as the susceptor 
mount 210 is lowered after processing of the wafer 

14 is complete. 

Generally, purge gases are inert gases such as 
argon. However, a small amount of a reactive gas 


such as hydrogen can be added to the purge gas 
to enhance deposition at the edge of the substrate. 
In the event the purge gas does cool the edge of 
the substrate, or dilute the processing gas at the 

6 edge of the substrate, or rf the purge guide overlies 
or shadows the periphery of the substrate thereby 
decreasing the deposition at the periphery of the 
top surface of the wafer, a reactive gas. such as 
hydrogen added to the purge gas, will react with, 

to e.g., WF 6l to increase its dissociation and increase 
the amount of deposit on the edge of the wafer and 
overcome the above sources of non-uniformity of 
deposition. 

Fig. 7 is a cross sectional view, partially sorte- 
rs matic, of the CVD chamber 300 of the present 
invention. 

The substrate 14 is brought into the chamber 
300 of the invention by a robot blade through a slit 
valve in a sidewall of the chamber (not shown). The 
20 chamber 300 may be part of a vacuum processing 
system having a plurality of processing chambers 
connected to a central transfer chamber. The 
susceptor mount 210 is moveable vertically by 
means of a motor 252. The substrate 14 is brought 
25 into the chamber when the susceptor mount 210 is 
in a first position opposite the slit valve. The sub- 
strate 14 is supported initially by a set of pins 228 
that pass through the susceptor mount 210 and are 
coupled to the susceptor mount 210 driven by a 
30 single motor assembly. A second purge line 236 
can be added to protect the stainless steel bellows 
229 from damage from corrosive gases. However, 
as the pins 228 rise along with the susceptor 
mount 210, they encounter a stop 230. As the 
35 susceptor mount 210 continues to rise to the pro- 
cessing position opposite the processing gas plate 
310, the pins 228 sink into the susceptor mount 
210 and the wafer 14 is deposited onto the suscep- 
tor plate 214. The susceptor vacuum supply line 
40 216 is turned on, which affixes the substrate 14 to 
the susceptor 210. The susceptor mount 210 is 
then moved upwardly towards the processing gas 
plate 310, shown in dotted line, for processing the 
substrate 14. As it moves upwardly, the substrate 
45 14 contacts the purge guide 226 and centers the 
purge guide 226 with respect to the affixed sub- 
strate 14. When the purge guide 226 is centered, it 
does not contact the wafer but maintains a fixed 
0.127 - 0.254 mm (5-10 mil) gap with the wafer 14 
so for passage of purge gases between them. At the 
same time, the susceptor mount 210 is also center- 
ing the purge guide 226 as it travels upwardly. A 
set of bumper pins 232 are used on the sidewall 
211 of the aluminum susceptor mount 210 to mini- 
55 mize contact between the purge guide 226 and the 
susceptor mount 210 as the susceptor mount 210 
moves vertically, thereby reducing the generation 
of particles in the event the susceptor mount 210 


5 


9 


EP 0 619 381 A1 


10 


and the purge guide 226 rub against each other in 
passing. 

When the susceptor mount 210 and the sub- 
strate 14 affixed thereto reach the processing posi- 
tion, the processing gas is turned on and deposi- 
tion of tungsten or other film is begun. Spent 
process gases and by-product gases are exhaust- 
ed by means of the exhaust system 240 for the 
chamber. 

The prior art exhaust system is another cause 
of non-uniformity of the deposited film as we have 
discovered. The exhaust system 240 of the CVD 
chamber 300 cannot remove gases uniformly from 
the whole periphery of the substrate 14. As shown 
in Fig. 8, the chamber exhaust channel 242 is 
located between the susceptor mount 210 and the 
substrate 14 thereon, and the walls 302 of the 
chamber 300. However, because of the need to 
allow for ingress and egress of the substrate 14 
through the slit valve, the exhaust channel 242 is 
blocked in the area of the slit valve, and the ex- 
haust channel 242 does not completely surround 

the substrate. 

Fig. 8 is a top view of the exhaust channel 242 
in the CVD chamber of the invention. The presence 
of a slit valve cuts off a portion of the chamber 
exhaust channel 242 about the periphery of the 
wafer 14. Thus removal of exhaust gases is not 
uniform, which can distort the composition of spent 
and by-produce gases in that area. 

Thus, also in accordance with the present in- 
vention, an exhaust pumping plate 244 is provided 
as shown in Fig. 9. A plurality of vertical openings 
248 in the exhaust pumping plate 244 are con- 
nected by means of a channel 250 in the exhaust 
plate 244. The size of the openings 248 is slightly 
restrictive, which forces exhaust gases to back up 
into the channel 250 where they are uniformly 
distributed, and then they are drawn out of the 
chamber 300 by means of the chamber exhaust 
channel 242. Thus the exhaust gases are distrib- 
uted more uniformly by the pumping plate 244 and 
gases are more evenly evacuated from about the 
periphery of the wafer 14. 

The exhaust plate 244 is mounted in the cham- 
ber sidewalls 302 at about the position of the wafer 
14 when it is in its processing position. Thus the 
exhaust gases pass into equally spaced vertical 
openings into a single channel 250 about the whole 
periphery of the wafer 14 during processing, and 
thus exhaust gases pass into the exhaust system 
240 in a more uniform way. 

When deposition is complete, the processing 
gas source is turned off, and the susceptor mount 
210 is lowered again. As the susceptor mount 210 
approaches the position at which the lift pins 228 
will again protrude from the susceptor plate 214, 
the vacuum source connected to vacuum line 216 


is turned off so that the processed wafer can be 
lifted by the pins 228 above the surface of the 
susceptor plate 214. The susceptor mount 210 and 
the wafer 14 are lowered to their initial position 
5 opposite the slit valve, so that the wafer 14 can be 
removed from the chamber. 

An alternate embodiment of chamber 300 em- 
ploys a plurality of integral placement pins 260 
instead of a purge guide 226, as shown in Figs. 10 
to and 11. The use of placement pins instead of the 
purge guide described hereinabove enables tung- 
sten to be deposited over the entire top surface of 
the wafer, including the top edge of the beveled 
edge of the wafer, i.e., with zero edge exclusion. 
15 Fig. 10 is a top view of a wafer 14 surrounded 
by placement pins 260 to set a purge gas passage 
therebetween. The purge guide pins 260, six of 
them in the embodiment illustrated in Fig. 10, can 
be made of a refractory material such as aluminum 
20 oxide, or a metal such as aluminum. Three of the 
pins, 260A, 260B and 260C, register the wafer 14 
so that the wafer edge is aligned with the pins. 
These pins 260A, 260B and 260C are set to the 
nominal wafer size (200 mm in diameter) and set 
25 the gap between the wafer 14 and the purge gas 
channel 262. Thus the gap is set to be optimized 
for the majority of wafers 14. If a particular wafer is 
smaller or larger than the nominal size, the gap 
about the wafer will vary from about 0.0508 - 0.508 
30 mm (2-20 mils) from one side to another. The 
remaining three pins, 260 D, E and F, are not in 
contact with the edge of a wafer and provide a 
fixed gap between the wafer and the pins so that 
the purge gas can pass between them. Fig. 1 1 is a 
35 cross sectional view of a placement pin 260A 
mounted on the susceptor plate 210. This embodi- 
ment eliminates the refractory purge guide, elimi- 
nates all shadowing of the wafer edge by the purge 
guide from deposition gases and eliminates a 
40 source of possible particle generation. By proper 
adjustment of the purge gas mixture, e.g., adding a 
reactive gas such as hydrogen, any inhomogeneit- 
ies at the edge of the wafer may be compensated 
for. 

45 The use of the present resistively heated 
susceptor improves uniformity of deposition be- 
cause the susceptor remains at the processing 
temperature at all times. This reduces the tempera- 
ture variations seen by the wafer and the chamber 

so and improves the uniformity of deposition. 

Although the present invention has been de- 
scribed in terms of specific embodiments, various 
substitutions of parts and materials and deposition 
conditions can be made as will be known to those 

55 skilled in the art. For example, the susceptor can 
comprise a susceptor mount and a face plate af- 
fixed thereto, the face plate having the openings for 
vacuum and purge gases described above, affixed 
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to the susceptor mount having the gas lines there- 
in, the gas lines connecting to the various openings 
in the face plate. Other variations will be apparent 
to those skilled in the art and are meant to be 
included herein. 

Claims 

1. A chemical vapor deposition single substrate 
vacuum chamber comprising a source of pre- 
cursor gas, a heated metal susceptor support 
(210) for a substrate (14) to be processed and 
a vacuum exhaust system for the chamber, 
characterized by 

a) a resistance coil (200) mounted in said 
susceptor (210) so that metal contacts the 
coil (200) on all sides; 

b) a vacuum feed line (216) through said 
susceptor (210) connected to a vacuum 
source separate from the chamber exhaust 
vacuum source for mounting the substrate 
(14) to said susceptor (210); 

c) a purge gas line (222) through said 
susceptor that is connected to a plurality of 
openings (224) beyond the edge of the sub- 
strate (14) mounted on said susceptor 
(210); and 

d) means (226; 260A - 260F) to provide a 
fixed gap passage for purge gas with said 
substrate (14). 

2. A chamber according to claim 1 , 

wherein the heating coil (200) is a single coil. 

3. A chamber according to claim 1 or 2, 
wherein the heating coil (200) can provide a 
temperature across the susceptor (210) of from 
about 250 to 650 # C. 

4. A chamber according to claim 3, 

wherein the heating coil (200) can provide a 
temperature across the susceptor plate (210) 
from its center to its edge that is constant 
within +/-2 # C. 

5. A chamber according to any of claims 1 to 4, 
wherein the vacuum feed line (216) is con- 
nected to a source of inert gas and a source of 
reactive gas to control the vacuum and tem- 
perature uniformity across the susceptor (210). 

6. A chamber according to claim 1 , 

wherein the surface of the susceptor (210) has 
a plurality of openings (218) connected to 
channels which are connected to a vacuum 
feed line (216) through said susceptor (210), 
said channels (220) and openings (218) being 
within the area occupied by the substrate (14) 


during processing. 

7. A chamber according to any of claims 1 to 6, 
wherein a refractory purge guide (226) sup- 

6 ported on said susceptor (210) provides a fixed 

gap between the susceptor (210) and the sub- 
strate (14) to provide a purge gas passage. 

8. A chamber according to claim 7, 

70 wherein the susceptor (210) has a plurality of 

fine grooves (221) beyond the area of the 
purge gas openings (224) for supporting said 
purge guide (226) without sticking. 

75 9. A chamber according to any of claims 1 to 6, 
wherein a set of placement pins (260A - 260F) 
on the susceptor (210) guide the substrate (14) 
to an optimal position on the susceptor (210), 
to fix a predetermined gap between the sub- 

20 strate (14) and the purge gas. 

10. A chamber according to any of the preceding 
claims, further comprising an exhaust plate 
(244) in said exhaust system (240) having a 

25 plurality of small vertical passages (248) that 

connect to a channel (250) about the whole 
circumference of the back of said plate (244) 
so that exhaust gases are more uniformly with- 
drawn from about said substrate (14). 

30 

11. A chamber according to any of the preceding 
claims, wherein the susceptor (210) has a face 
plate affixed thereto having openings that con- 
nect to the purge and vacuum lines in said 

35 susceptor (210). 

12. A method of depositing a thin film onto a 
substrate in a single substrate chemical vapor 
deposition chamber (300) which comprises: 

40 supporting said substrate (14) on a 

susceptor plate (210) heated to a temperature 
of from about 250 - 650 *C at a chamber 
pressure of from about 13,33 Pa (100 millitorr) 
to about 93325 Pa (700 Torr); 
46 affixing said substrate (14) by means of a 

vacuum connected to said plate (210); 

passing a purge gas from a plurality of 
openings (224) in said plate (210) outside of 
the edge of the substrate (14) through a fixed 
so gap means (226; 260A - 260F) to prevent 

process gases from contacting said edge; and 
passing a deposition precursor gas into 
said chamber (300). 

55 13. A process according to claim 12, 
wherein said precursor gas is WF& . 
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14. A process according to claim 12 or 13, 
wherein said purge gas contains a reactive 
gas. 

15. A process according to claim 12 or 13, 
wherein said purge gas comprises a mixture of 
inert gas and hydrogen. 

16. A process according to any of claims 12 to 15, 
wherein said purge gas is directed against the 
bottom edge of the substrate (14). 

17. A process according to any of claims 12 to 16, 
wherein an inert gas is used to regulate the 
pressure in the vacuum to said substrate (14). 
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Fig. 3 
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Fig. 6 



Fig. 8 
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